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INCLUDING FLUID DENSITY ON THE FLUTTER SPEED
OF LIGHT UNIFORM CANTILEVER WINGS

By Donald S. Woolston and George E. Castile
SUMMARY

An experimental investigation has been made of some effects of
variations in several parameters, including fluid density, on the
flutter characteristics of light uniform cantilever wings. The assort-
ment of wings tested covered a variety of positions of the elastic axis
and center of gravity and values of the aspect ratio of 8, 6, and k.

The relative-density parameter 1/Vk (where k 1is representative of the
ratio of fluid density to wing mess) was varied over a range of values
from 1.2 to nearly 14. Special emphasis has been placed on the lower
values. . .

The experimental investigation has been supplemented by an analyti-
cal investigation based on the two-dimensional aerodynsmic theory for
incompressible flow. In a few instances corrections for the effects of"
finite span have been made. In general, the theoretical results followed
the trends indicated by experiment except at very low values of the
reletive-density parameter (l/JE_ less than 32. For these low values
the analytical considerations employed indicated a freedom from flutter

not found experimentally. At higher values of 1Ak the flutter-speed

coefficient is shown to decrease with decreasing values of 1/JE' and
to be nearly proportional to the inverse of the square root of the air
density. : -

INTRODUCTION

The trend toward flight of airplanes at high speeds and high alti-
tudes hes given increased significance to the problem of the effects of
Mach number and variations in density on wing flutter characteristics.
Experimental and theoretical investigations of the problem have been
maede, for example, in references 1 and 2. The present investigation is
intended to make further contributions to the subject.
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In reference 1 the results of an experimental investigation of the
effects of variations in flulid density are presented. The flutter data

are shown as & function of a relative-density parameter l/JE} where
k 1is the ratio of the mass of a cylinder of the surrounding fluid with
diameter equal to the chord of the wing to the mass of the wing. Two

fairly heavy wings (with values of 1Nk greater than 9) were tested
over a range of Mach numbers and density. After some simple modifica-
tions for the effects of compressibility and wave length, the dynamic
pressure at flutter was shown to be nearly constant over the full range
of densgities tested.

A part of the work presented in reference 2 deals with the theo-
retical effects of variations in density. Considerably lighter wings

(values of l/JE‘ from 3 to 5) than those treated in reference 1 were
included in the study. At the higher values of the relative-density
parameter the nearly constant dynamic pressure at flutter noted in
reference 1 was indicated. As this density parameter was decreased to
values typical of very light wings, an abrupt change occurred in the
behavior of the flutter curves. Since the wings tested in reference 1
were not sufficiently light to lie in this critical range, and since
some light airplanes, or components of heavier airplanes, at low alti-
tudes may approach this range, a further experimental investigation
seemed desirable.

One of the purposes of the present paper is to extend the experi-
mental study of the effects of density variations to low values of the
relative-density parameter.and thus to extend the work of reference 1.
Furthermore, a wider assortment of wings, giving a broader range of
structural parameters, is studied than was treated in reference 1. This
assqrtment of wings covers a variety of positions of the elastic axis
and center of gravity, a range of values of the ratio of bending
frequency to torsional frequency, and values of the aspect ratio of 8,

6, and 4. The experiments were conducted in different mixtures of air
and Freon-12, which resulted in density variations equivalent to varia-
tions in altitude from sea level to approximately 40,000 feet. For each
case of experimental flutter, a theoretical calculation for the corres-
ponding conditions at flutter was undertaken. In this work use was made
of an analysis of the Rayleigh type in which two-dimensional, incompress-
ible aerodynamic coefficients were employed. In a few selected cases
corrections for finite span have been applied by the method of reference 3.
The analytical treatment as given herein is not complete and should be
extended, with particular emphasis on the low values of the relative-
density parameter appropriate to light airplanes.
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SYMBOLS

. a nondimensional distance of elastic axis from midchord
' measured in half-chords, positive for positions of elastic
axis behind midchord

A aspect ratio
b wing half-chord, feet
: c wing chord, feet
| ET bending stiffngss of wing
e structural damping coefficient considered as variable in

solution of flutter determinant

GJ torsional stiffness of wing

I, mass moment of inertia per unit length referred to wing
elastic axis

1 semigpan of wing, feet

Iy aerodynamic wing-1ift coefficient due to bending oscillation
of the wing

Ly aerodynamic wing-moment coefficient due to torsional osclilla-
tions of the wing about its quarter chord

My " aerodynamic moment coefficient about wing quarter-chord point
due to bending oscillations of the wing

My aerodynemic moment coefficient about wing quarter-chord point
due to torsional oscillatione of wing ebout its quarter
chord

m mass per unit length

M Ma.ch number

q ' dynamic pressure, pounds per square foot

Ty, nondimensional radius of gyration relative to elastic

e (e

o e m v ey et it S o £ Ty = et
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Sq, static moment per unit length referred to wing elastic axis,
positive for center of gravity behind elastic axis

v flutter speed, feet per second

Xg nondimensional distance of center of gravity from elastic
axis measured in half-chords, positive for positions of
center of gravity behind elastic axis

K relative-density parameter <ipb2/é)

p density of testing medium, slugs per cubic foot

w angular frequency at flutter, radians per second

Why angular frequency of first uncoupled bending mode, radians
per second

whe angular frequency of second uncoupled bending mode, radians
per second

Wy . angular frequency of first uncoupled torsional mode, radians

per second

APPARATUS AND TESTS

Models

Semigpan models of balsa rib and skin construction supported by a
single spar were used in this investigation and were designed to give a
low wing density. The models were slotted chordwise into 2-inch sections
in order to avold possible unknown changes in stiffness inherent in
camplicated glued structures. (See fig. 1.)

Three positions of the elastic axis were obtained by placing the
spar 20, 30, and 40 percent of the chord behind the leading edge. The
chord of all models was kept constant (1 ft.), whereas the semispan was
varied to provide aspect ratios of 8, 6, and 4. The properties of the
models are presented in table I. Models are designated by three num-
bers separated by dashes: +the first two give, respectively, the approxi-
mate locations of the elastic axls and of the center of gravity in per-~
cent chord from the leading edge, and the third specifies the ratio of
the wing semispan to the chord. The frequencies given in the table are
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uncoupled frequencies and were calculated from the measured stiffness,
mass, and moment of inertia of the wing. Moment of inertia was measured
by swinging a section of the wing as a torsional pendulum in a partial
vacuum of two inches of mercury.

Testing Techniques

The models were mounted as cantilevers in the Langley 4 ,5-foot
flutter research tunnel described in reference 1. The flutter tests
were conducted with different mixtures of air and Freon-12 to provide
variations in density. The airspeed in the tunnel was increased
gradually until flutter was observed. The airspeed was then reduced
immediately to prevent destruction of .the model. At the point of flutter
an oscillograph record of the model frequencles was taken and the tunnel
temperature, tunnel pressure, and dynamic pressure were recorded. Where
Freon-~12 was employed, the percentage of Freon-12 in the testing medium
was obtained after each test.

Wherever possible models were tested over the full density range
of the tunnel; that is, at pressures from 30 inches of mercury in
Freon-12 to &4 inches of mercury in air. These pressures correspond to
a renge of altitudes from sea level to approximately 40,000 feet and
provide values of 1A/ k from 1.2 to about 1k.

ANATYSTS

In the theoretical determination of the flutter characteristics of
the cases considered in this investigation, application has been made
of an analysis of the Rayleigh type, based on uncoupled modes and two-
dimensional incompressible air-force coefficients. In all-cases the
first three uncoupled modes of the system (namely first bending, first
torsional, and second bending) have been considered. The determinantal
equation of the flutter condition in these three degrees of freedom,
derived from the lagranglian equations of equilibrium, may be expressed
a8 (see, for example, reference 4, chapter IX): ,

o :
AllEL = Why Q] + C11 A1n + C12 Al3 + Cl3

2 ' =
Apy +Cyp A22E. - Wp, gﬂ +Cyp Ap3 + Cp3 =0 (1)

) : 2
A3 * C31- A32 + C3p A3t - % 9:\ * C33
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where the A and C coefficients are constants computed from the inertial
properties of the system, the uncoupled modes, and the appropriate
aerodynamic coefficients. They are given by:

10 LZ b2a E’hl(xﬂ ed.x

Ao = Ay =fz mfy, (x)f, (x)dx=0 Cjp = Cpy=7p f voaf, (x)f, (x)ax
o  mhy o by hy

t 2
Ayq = . mEhl(x) ax C11

1 . . 1
A3 = j(: Sa‘fhl(x)fa(x)dx Ci3 = 7p j; b3thl(x)fa(x)dx

YA 1 o) 2
Aps = l; mE’he(x):]ed_x Cop = 7p j; b a.Ehz(x) dx

L >
Apg = f Safhz(x)fa'(x)dx Cp3 = 7P l; b the(x)fa(x)dx
1

l 1

Agp = L/c; Safhe(x)fm(x)dx Cyp = 70 j; b37fh2(x)fa(x)dx

Q

Bgs = [ Im[:f“(xa Cax 33 = L(;z bis Ea(x)jzd.x

-

(2)

The values Op, 5 %2’ and @y in equation (1) are, respectively,

the angular frequencies of the first bending, second bending, and first
torsional modes of vibration. The parameter € 1is a characteristic
value given, in terms of the flutter frequency w and a concept of the
structural damping coefficient g, by the relation

n=wi2-[i + 1g] (3)
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The functions fhl(x), fhz(x), and £y(x) (equation (2)) refer,

respectively, to normalized displacements in the first bending, second,
bending, and first torsional modes of vibration of the wing. The
quantities «, B, 7, and & appearing in the C coefficients are

functions of the reduced-frequency parsmeter ﬁ% and may be written in

terma of the tabulated aerodynamic coefficients of reference 5 as
follows:

N
a =1y ,

w3+ e)
7y =M - Lh(% + %)
S} =AMd - La(% + a) - Mh(%’+ a) + Lh(%’+ a 2

The flutter speéd end frequency are determined from the character-
istic values of g& and o that cause the flutter determinant (1) taq

B
C ()

vanish.
RESULTS AND DISCUSSION

As previously pointed out, most of the theoretical results discussed
herein are based on analyses in which two-dimensional aerocdynamic
coefficlients were employed. In the case of wings of low aspect ratio
these calculations probably are not physically significant but were
carried out to show the trends that would be indicated by the two-
dimensional aerodynamic theory.

Results of the experimental and theoretical investigations for each
model, with sufficilent data to permit additional analytical investigationms,
are given in tables II to X. In these tables, 1f no theoretical results
are given, either no solution existed or none lay within & practical
range of values of the parameter v/bw.

Figures 2 to 10 illustrate, primarily, some effects of variation
in density on flutter characteristics for wings of various aspect ratio
and with various positions of the center of gravity and elastic axis.
In these figures the flutter-speed coefficient v/bwu is plotted against
the density parameter l/fE; where x 1s the ratio of the mass of a
cylinder of the surrounding fluild with diameter equal to the chord of
the wing to the mass of the wing, both taken for equal lengths along the

e - .- e e et L ek e et e ————— ————— £ A———r e w e % e o o e % S it it S Nt T e e
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span. The experimental results indicate, in general, that a decrease in
the parameter l/JE_ results In & decrease In the flutter-speed coefficient.
Over most of the range of values of the parameter 1/Vk the flutter-
speed coefficient is nearly proportional to the inverse of the square
root of the density. In some cases, however, for values of l/JE‘ less
than 2, & minimum value of the experimentally determined flutter-speed
coefficient 1s indicated and a sllght increase in the flutter-speed
coefficient is noted. (See figs. 2 and 3.) (The theoretical curves
based on two modal functions in figure 3 are discussed in detail subse-
quently.) For the higher values of the relative-density parameter (i/JE—
greater than 3) the results of the analysis based on two-dimensional
seraodynamic data generally follow the trends indicated by experiment but
are congervative. Near a value of l/ﬂ?f slightly less than 3, however,
the analytical considerations employed predict & minimum value of the
flutter-speed coefficlent after which an abrupt increase is indicated.
Experimental points were obtained below this minimum theoretical value

of the flutter-speed coefficient. At still lower values of 1/\Jk the
analytical considerations employed showed freedom from flutter. Furthex
analytical investigation of this region therefore appears desirable.

The data of figures 2 to 10 bave been replotted in figure 11 to
1llustrate the effect of decreasing the semispan-chord ratio.. Each of
these figures is related to wings of constant section properties but
differing in span. As stated previously, the calculations of the theo-~
retical curves shown in these figures were based on two-dimensional alr-
force coefficients and, although they probably are not physically
significant for the wings of lower aspect ratio, were carried out to
show the trends that would be indicated by the two-dimensional aerodynamic
theory. In figure 11 the results based on the two-dimensional aerodynemic
theory are seen to fit in fairly well with experimental date for the
wings of highest aspect ratio except at low values of the relative-
density perameter. Greater deviations between experiment and the two-
dimensional aerodynamlc theory are shown, however, as the aspect ratio
is decreased.

In a few selected cases corrections for the effects of finite span
were applied by the method of reference 3 to a wing of aspect ratio 6
(model 17-32-3). In order to simplify the analytical procedure only
two uncoupled modes, namely, linear torsion and parabolic bending, were
employed. A comperison with the resulis of two-dimensional aerodynamic
theory was provided by using these same two modal functions in an
analysis based on two-dimensional air forces. The results of these
calculations are shawn in figure 3. A comparison of the results indicates
that the application of finite-span corrections provides good agreement
wilth experiment for high values of the relative-density parameter but
has little effect in the region of low values of this parameter where
the two-dimensional aerodynamic theory predicts an abrupt rise in the
flutter-speed coefficient.
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In conjunction with the question of a minimum value of the flutter-
speed coefficient associated with the discussion of the theoretical
results shown in figures 2 to 11, figure 12 is presented to illustrate
the form of the conventional plot of the damping coefficient g against
the wave-length parameter v/bw for several points selected from the
theoretical curve shown in figure 3. The plots are arranged in order of
decreasing values of the parameter LA/ k. Where instability was indicated,
flutter conditions were obtained for the case g = 0. Note that, as
1/JE' is decreased, a borderline conditlion between stability and insta-
bility is approached (fig. 12(d)). This condition, together with the
flutter-free condition indicated for still lower values of l/JE_

(figs. 12(e) and 12(f)), is consistent with the existence of a minimum
value of the flutter-speed coefficient shown in figures 2 to 11. Of

the three characteristic values satisfying the flutter determinant the
only one plotted in figure 12 is that for which the associated frequency
approached the experimentally determined flutter frequency. Increasingly
negative values of g with increasing values of v/bw were found for
the other characteristic values over the range of v/bw considered. An
indication that the consideration of additional degrees of freedom in the
analysis would not have altered these resulis appreciably can be gained
from the fact that the differential-equation approach of reference 6 was
applied to a case similar to that represented by figure 12(e) and no
solution was obtained within a reasonable range of values of v/bw.

Figures 13 to 17 show the dynamic pressure at flutter as a functiom
of the wave-length parameter v/bw. The theoretical values of dynamic
pressure shown in the figures are those which arise from the calculations
based on incompressible aerodynamic forces. The experimental values have

been modified by the compressibllity factor 1/\/5 - M2, es was done in
reference 1,. to permit comparison with the theoretical values. The fig-
ures indicate that the dynamic pressure at flutter remains essentially
constant with decreasing wave length until a low critical value of v/bw
(generally near 2) is reached. At this point a sudden rise in dynamic .
pressure occurs. Examination of figures 13, 1%, and 15, which relate to
wings of equivalent section properties but differing in semispan-chord
ratio, indicates that as the semispan-chord ratio is decreased, the value
of the wave-length parameter at which the abrupt rise in dynamic pressure
occurs 1s decreased and the spread between experiment and the analytical
results based on two-dimensional aserodynamic theory is increased.

It should be noted that the type of wing construction employed
permits the possibility of fore and aft (that is, in the stream direction)
bending entering the problem. The effects of fore and aft bending were,
however, not considered in the asnalytical work.
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CONCLUSIONS

An experimental investigation has been made of some effects of
variations in several parameters, including fluid density, on the flutter
characteristics of light uniform cantilever wings. The assortment of
wings covered a variety of positions of the elastic axis and center of
gravity and values of the aspect ratio of 8 6, and 4. The relative-
density parameter 1/V__ was varied over a range of values from 1.2 to
nearly 14. The experimental investigation has been supplemented by an
analytical investigation based, for most cases, on two-dimensional
aerodynamic theory for incompressible flow. Corrections for effects of
finite span have been made to selected data. The results presented
support the following conclusions:

1. The general experimental and analytical investigetions confirmed
the observation that, for fairly high values of the relative-density
parameter (1/N® greater than 3), the flutter-speed coefficient decreased
with decreasing values of the relative-density parameter and was nearly
proportional to the inverse of the square root of the air density.

2. For fairly high values of the relative-density perameter (l/{—
greater than 3), the results of the analysis based on two-dimensional
aerodynamic data generally followed the trends indicated by experiment
but were conservative.

3. For lower values of the relative-density parameter (l/JE— less
than 3), the trends of the two-dimensional aerodynamic theory indicated
& minimum value of, and an abrupt rise in, the value of the flutter-
speed coefficient, whereas, experimental points were obtained below this
minimum theoretical value. A region exists, then, where the analytical
considerations employed indicated a freedom from flutter not supported
by experiment. Further analytical investigetion of this region seems
deslirable.

4, The application of finite-span corrections to results for one
configuration improved the agreement with experiment for high values of
the relative-density parameter but showed 1little effect in the region of
low values of this parameter where the two-dimensional aerodynamic theory
predicted an abrupt rise in the flutter-speed coefficient.

5. The dynamic pressure at flutter, with experimental values
modified by a compressibility correction, was in general, relatively
constant for values of the wave-length parameter v/bm greater than 2
or 3.

Langley Aeronautical Laborétory
National Advisory Committee for Aeronautics
langley Field, Va., September 6, 1951
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TABLE I.~- CHARACTERISTICS OF MODELS

Ty %y ®

Model & |8t % rd-a (11’9'{11-2) (1b1-3-}_n.9) (rad.iaﬁi-/sec) (raﬁ.ia.ni/aec) (radiang/sec) (BluI;s/ft)
17~32-%4 |-0.628|-0.3580.336| 15,400 180,600 .7 481.7 136.0 0.0106
17-32-3 | -.628) ~.358| .336| 15,400 180,600 134.5 855.9 181.6 0106
17-32-2 | -.628] ~.358| .336| 15,h00 180,600 302.5 1925.0 272.0 0106
27-38-4 | -.U54} -.2k2| 258 25,720 | 264,000 80.4 511.6 - 178.0 0135
27-38-3 | -.454] ~,2k2| 2581 25,720 26k ,000 1h2.5 906.7 237.0 .0135
27-38-2 | <. 454 | -.2421 258 | 25,720 | 264,000 321.4 2045.0 355.0 0135
27-31-4 | =454 | -.374| .256 | 25,720 264,000 T0.4 448.0 155.0 0167
39-42-k | -.218| -.150} .162 | 22,200 | 236,000 96.1 612.0 232.0 0132
39-42-3 | -.218| ~-.150| .162 | 22,200 236,000 170.6 1086.0 310.0 0132

HRA

gaG3 NI VOVN
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TABLE II.- EXPERIMENTAL AND THEQRETICAT DATA FOR

MODEL 17-32-k

Theory

q

Ot MO N M b~r

---------

ooooooooo

ooooooooo

ooooooooo

Experiment

- M2 ‘
(1b/sq £t)| v/bug | @/ag|v/bw |(1b/sq £t)

a/

ooooooooo

ooooooooo

a
N
o
g TRE
(@]
O~ N\O0O\0 M =+
g STQERQIQE
ﬁ AN NN MO o IN
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(@]
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ooooooooo

Freon-12
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19.2

.840| 2.82

2.31 |0.8%0{2.75

2.37

-----

cccccc
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MODEL 17-32-3

TABLE ITI.- EXPERIMENTAL AND THEORETICAL DATA FOR
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TABLE IV.- EXPERIMENTAL AND THEORETICAL DATA FOR

MODEL 17-32-2

sq ft)

q

OHMOIFOMNMINAHO

oooooooooo

PRLAYRRELRR

oooooooooo

A A A AN NN NN

AEuonaaey
SARNRIAANY

Lo M s B e e B W O W W Wt

Theory
[, | wfag |v/bw |(16/

AUt AD O MmN
44 1IN0 OV AMHIN

QN T

- M2
q ft) |V

—HaO MM MAO IN
%24112.&.623
OO0V O\O\O\O I~

Q- QU QU M QO
5&.0.&. 72%869

oooooooooo

HAdNNN Nt S

RS ARLEhHa
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TABLE V.- EXPERTMENTAL AND THEORETICAL DATA FOR

MODEL 27-38-k4

Experiment Theory
M o)
q/VE - M
v/bwg, | ©fwy | v/o0|(1n/sq £t)| V00| ©fay| v/o0|(1n/aq £t)
Air

0.151|1.93 [0.748| 2.58 33.6 1.8310.712] 2.57 30.1
17112.18 | .THk| 2.93 31.4 2.02] .709]| 2.85 26.7
.20k12.59 | .728| 3.56 29.8 2.34 .703] 3.33 23.9
.26813.4%0 | .677| 5.02 27.7 3.02) .692| 4.37 21.1
.387|4.88 | .6k2} T7.60 2 S B ] bl B e
A484k16.06 | 614} 9.88 25.4 5.381 .727] T.4%0 17.6
58717.29 | .595(12.25 26.8 6.40| .694] 9.23 16.7
S59417.36 | .595(12.36 2k.0 6.71] .638[10.52 16.1

Freon-12
1.36/0.220|1.23 [0.699]| 1.76 56.1 SV EVIVVRPE VI .
1.461 .227{1.25 | .727| 1.72 50.9 | cmmmmfmcmm o | cmeea
1.64| .236|1.30 | .726) 1.79 hh 1 10.98(0.594{18.50| 303.6
1.91| .261|1.%5 | .7ho| 1.96 40.5 1.70| .711| 2.39 54,1
2.38] .297(1.68 | .76k| 2.20 35.5 1.72] .714] 2.41 35.5
3.50| .393/2.32 | .739] 3.1k4 32.3 2.15]| .707| 3.04 5.6
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TABLE VI.- EXPERIMENTAL AND THEORETICAL DATA FOR

MODEL 27-38-3
Experiment Theory
1
VE gN1 - M2 q
v/, | /ey, v/ow (1b/sq £t) v/bay | 0/ay | v/bw (1b/sq ft)
Air
2.76(0.20%(1.9% [0.789(2.46 60.7 N S ———
3.45( .25212.39 | .733]2.26 62.9 1.84 p.8142.26
3.94] .287|2.72 | .724|3.76 60.1 2.05 | .8102.53
4,781 .342]3.23 | .695|k.65 58.4 2.39 | .802/2.98
5.731 .39813.75 | .734|5.11 56.2 2.76 | .801|3.45
7.81] .4814.50 | .773]5.82 4.7 3.08 | .830j3.71
9.85| .62215.36 | .724|7.99 53.0 L34k | L7hT15.81
' Freon-12

1.53]0.303(1.30 {0.7T70}1.69 91.4 e ] ——
1.98| .346|1.49 | .748]1.91 2.7 U S ———
2.45| .389 1.67 | .777[2.15{ 60.9 |{1.56 j0.8171.91
2.75] 426 1.8 | .77012.39 59.4 1.64 | .8162.01 .
3.04| .4622.00 | .695|2.88 58.7 1.65 | .7822.11 .
3.39| .508[2.20 | .T736|2.99 59.1 1.85 | .8152.27 .
k.13 572 [2.47 | .T14|3.46 55.4 2.08 | .810]2.57 .

i ot e = = W e s S e =
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TABLE VII.~ EXPERIMENTAL AND THEORETICAL DATA FOR
MODEL 27-38-2
Experiment Theory
| M 2
a/\Vi - o q
Alr
2.7810.279{1.77 |0.922|1.92| 11k.1 1.32' 1.065]1.24 61.0
3.411 .335|2.12 | .888]2.39| 110.5 1.48 [1.072]1.38 51.2
3.93| .349]2.21 | .948|2.33 90.6 }1.65 [1.086|1.52 47.1
k.01f .Mi5|2.80 | .886[3.16 98.2 1.98 [1.064{1.86 y.1
5.95| .52513.28 | .872]3.76 96.7 2.37 |1.049]2.26 ko.7
7.10] .623|3.83 | .855(4.48]| 100.7 2.88 |1.014{2.84 4y 5
8.33} .7o4l4.30 | .833]|5.16( 101.k4 3.23 |1.070/3.02 4o.5
10.08] .835|5.05 | .778(6.49| 123.5 3.77 |1.030]3.66 37.9
Freon-12
k. 530.723]2.12 {0.800|2.65 8.7 1.85 }1.069{1.73

g E
Qcﬁ‘
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TABLE VIII.- EXPERIMENTAL, AND THEORETICAL DATA FOR

MODEL 27-31-k4

1 Experiment Theory
= M a1 - ¥ q
W v/waL (D/a)u, V/b(D (]_'\t{/sq ft) V/bma, (D/CL)G 'V'/b(.l) (l’b/sq ft,)
Air
3.0110.177|2.56 [0.676} 3.79 46.2 3.0% [0.671| 4.53 63.9
3.70| .210(3.02 | .674}| 4.48 43.2 3.25 | .668| 4.87 48.8
4,38{ .242{3.47 | .672} 5.17 40.9 3.60 | .667| 5.40 ko5
5.17] .281|4k.02 | .664] 6.06 39.7 3.96 | .671] 5.90 36.9
5.53| .310|%.44 | 664} 6.69 k2.6 k.25 | .656( 6.48 37.2
6.7L| .353(5.05 | .656} T.70 38.2 5.03 | .657| 7.66 35.4
7.36{ .38515.49 | .633| 8.68 38.0 {5.44 | .654] 8.32 3h4.4
8.20| .423(16.01 | .633]|9.49! 37.3 [5.99 | .648| 9.25| 33.7
9.67| .477]|6.75 | .628|10.76 35.0 6.93 | .646|10.72 32.4
Freon-12
1.80/0.289(1.83 {0.683| 2.68 66.4 S [, m———— ——
2.10{ .315(1.98 | .705] 2.81 59.3 e | e ——— ——
2.63) .34612.20 | .675} 3.26 iy 3.14% { 0.671| 4.68 89.9
3.21| .39%(2.55 | .692| 3.69 k3.4 3.08 | .671] k.59 5T7.9
3.821 .4h2|2.90 | .686| k.23 ko.5 3.30 | .668| 4.94 k1.0
k.90| .518(3.49 | .715] 4.88 37.5 3.92 | .666{ 5.89 ho.k
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TABLE IX.- EXPERIMENTAL AND THEORETICAL DATA FOR

MODEL 39-42-L4
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TABLE X.- EXPERIMENTAL AND THEORETICAL DATA FOR
MODEL 39-42-3

1 Experiment Theory

— M 4/ 2

K QN 1 - M q

Ve v/bay, | w/wy|v/ow (1b/sq £t) v/bay | ©/ay| v/bo (1b/sq £t)

Air

1.60[0.306| 0.96 [0.644|1.49 T7.1 e [ mmmm | mm——
1.91{ .316| 1.00] .645(1.55 58.9 1.82 j0.675|2.70| 18%.0
2.39| .353] 1.1%| .64%|1.77 k9.2 1.35 | .687|1.96 64.2
2.91} .399} 1.31| .645|2.03 4y .3 1.%2 | .6942.04 k7.9
3.85| .478| 1.8} .627|2.52 38.8 1.66 | .692|2.4%0 37.5
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Figure 1.- Plan and cross-sectional views of a typical model (30-percent-
spar position from leading edge).
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Flgure 2.- Variation of flutter-speed coefficient v/bmm -with the relative-

density parameter 1/\/k for model 17-32-k.:
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Figure 3.- Variation of flutter-speed coefficient v/twg with the relative-
density parameter ll/\'/? for model 17-32-3.
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Figure 5.- Variation of flutter-speed coefficiént v/bwy with the relative-
density parameter l/\/E for model 27-38-L.
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Figure 6.- Variation of flutter-speed coefficient v/bwy, with the relative-
density parameter l/\/'E for model 27-38-3,
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-~ density parsmeter 1/\/K for model 27-31-k.
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Figu.re 9.- Variation of flutter-speed coefficient v/'bma, with the relative-
density parameter l/v’— for model 39-h2-L.
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density paremeter 1/\/% for model 39-42-3.
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Figure 11.- Varietion of flutter-speed coefficient v/bay with the relative-
density parameter 1 / V/r for models with various 1/c ratios.
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Fignre 11.- Concluded.
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Figure 12.- Plots of demping coefficlent g against wave-length
Parameter v_/'bw from the analytical investigation of
model 17-32-3.
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Figure 13.- Dynamic pressure at flutter plotted ageinst wave-length
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Figure 14.- Dynamic pressure at flutter plotted against wave-length
parameter v/bw for model 17-32-3.
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Figure 15.- Dynamic pressure at flutter plotted against wave-length
paremeter v/b® for model 17-32-2.

9CGeS NI VOVN



QGG - NI VOVN

Dynamic pressure, 1b/sq £t

0 Alr
] Freon-12 Experinent
0 / Theoxy
) /
o] |
[
(o)
\g I
~ o
\"\J__,__\__‘
. EEE
2 3 4 5 6 7 8

Wave-length parameter, *%;

Figure 16.- Dynamic pressure at flutter plotted ageinst wave-length
et

parsmeter v/'hm for mondel '9'7' Thq.._

i




(7151 QR - o ol e fd Lo BawT-YOVH

Dynamic pressure, 1b/eq £t

O Alr l
Experiment
[} Freon=-12 J
——— Theory
Ll
g X oM A SN
= o a i B! e 0} o
\--—.___.____H_ et O
SNACA
N
] 1
2 3 4 5 6 9
1'11:\‘.-—‘-__'1 v mede b e e o .-!—

Flgure 17.- Dynamic pressure at flutter plotted against wave-length
parameter v/bo
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